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PROJECTILE IMPACT EFFECTS ON AIRCRAFT WIRE HARNESSES

Li«TRODUCTION

A stuudy was iniviatea recently at the iaval Research Laboratory to
evaluate the effects or hostile projectiles impacting on aircraft wiring
narnesses. The results of tests conducted in the NRL Ballistics Impact
Facility have demonstrated that tne effects can be serious and that
combustive reactions frum the electrical arcing resulting from the impact
will be more severe for some types of wire insulation than for others. The
tests denonstrated tnat wiring vith an aromatic polyimige insulation will
react wore severely than wiring with a radiation crosslinkea noaified
etnylene tetrafluoroetnylene insulation. The pature ot tnis reaction and
the description of the test will be more completel, descrived in this report,

There has been very little publisuea about such reactions in either
Taboratory experinents or from in-service experiences, althougn it shoula be
a priadry concern, since combdt survivability is a major design goal tor our
fighter aircraft. In a Titerature search it was noted tnat tne majority of
cominittee reports and newsletter items on Aircraft Survivability and Battle
uamage Repair describe extensively the methods ana materials that are being
geveloped to repair danage to fuselage skins--both metal ana composite. In
full-scale tests, decommissioned airplanes arc Leing shot at with smail
arias, Ccannons and missiies to determine the extent of damuye to the skins
ana structures. Uther cuiiponents beiny studied for vulnerability ana repair
processes are: engines, fuel tanks, rotor blades, tires and transpdarencies
{1). Based on reactions observed in tnis study it would be judicious to
include wire harnesses, carrying full power, in tnis list of cuiponents.

Electrical engineers at the NAVAIR Engineering Support Uffice at NARF,
Norfolk, beiny aware of tihis potential hazard, conducted sone experiments.
They founa that smail projectiles (Bb's fired from a Crossian air gun) would
break wires anu produce short circuits between wires of opposite polarity in
a narness energized with 110 volt, 6UHz 1ine power. Tney observea that some
wire insdlations woula burn and others would not when thie sunort circuit
arcing occurred. This concern lea to the present, more comprehensive stuay
of the reaction c¢onaucted at NRL with a more controlled, service simulated
system. These experiments were monitored anu recorded on & closed-circuit
TV so that the events could be viewed Tron outside the experiiental cnamber
during the firing and tne event could be recounted in detail by Tater
shiowings of the action that occurred in real time. A ten-minute, narrated
videotape report nas been prepared in order vo facilitate later viewinyg of
the acvion observed in this experiment,

Manuscript approved October 11, 1935.




EXPEKIHENTAL PROGRAM

The experiicntal system was prepared with considerable aavice trom NESO
engjineers in urder to Sstuuy the reactions of operational aircraft wiring to
Tnpacts rrow cunbat projectiles. Thus, tne Taboratory system was desiyned
as nearly a5 practical to simulate ting service scenario, ang the two wire
types tested were qualifica by the Navy Tor ¢oubat aireraft service.

The overall test set up is illustrated in Figure 1, and a schematic of
the electrical system is shown in Fiyure 2.

1. Description of kire Harnesses

The Two wire types used to construct the harnesses testea in this study
were: MIL-W=-813581/11 ana MIL-W-22759/34. The MIL=-w-b1081/11 wire type is
insulated with an aromatic polyimide tilin, applied as a wrapped tars. Tne
MiL-w=22759/34 wire type 1s insulated with an extruded nodified ethylene
tetrafluorvethylene polymer that is radiation crosslinked, For this test,
wire bundies were fabricated from each of these wire types and mounted sou as
tu siiwwlate conditions whicn are representative ot stanuard Naval aircraft
construction,

The virst sev oF harnesses consisted or both sinyle wWires ot
MIL-w=-51381/11 and shielaed cables, cesignatea as GC-37oMR,  These harnesses
were constructed at NRL from wires ana cables reiloved from an F-14 that was
manufactured by Grumman in novewber 198U, This aircrart is identified as
tile bureau dumber 101157, Grunman Fabrication Number 3&4, thdat becCahe a
Strike rircraft on 24 April 1%0l. The wires and cables were taken trou the
area arcund the cockpit and the lower rignt foreward fuselage under the
cockpit. They ail appeared to be in very good condition and were found to
be dielectrically sound when testea prior to the projectile tmpact events,

ATl of the harnesses used in the experinients were constructed so as to
be representative or F-14 harnesses, consisting of approximately 5o single
wires in sizes from 16 to 24 ana 10 cables of various amounts of 20 and 2o
cize wires. when lacea tightly the harnesses measured approximatel, 3/4-inch
in aiameter.

A representative wire harness or acuroximately 3/«-incn didnieter that is
typical of an F-14 installation was descriped to wkl by the niSC personnel
so that the narness specimens coula be constructed as nearly as pussiole to
the representative prcportions (2). The wires and caples in this
representative harness and the specimens ¢constructea for the NRL tests are
presented in Table I.

Figure 1 sihows a harness instalied in the taryet area. The AUEL harness
clanps, type DG-1U, hold the harness Tirmly in piace against the aluminuni
plate that has been coated with zinc chromate corrosion-innibiting paing,
which is representative of an aircraft's interiur bulkhead surface. This
Go-mil thick aluminum plate is nounted 14 incnes dehiinhu a 25-mil tront plate
winich represents tne outer sxin of &n F-14 aircrafu, both are wave of
aluminum alloy 2U25-Tul sheets tnat were obtained troun tne liank=NURVA repair
shop. It 1s tae same waterial tndt is used in the construction anc repair
of the havy's F-1¢'s. Trie painteu plate 15 wounted on tne heavy aluminun
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frame that has a cut-out behind the impact area so the projectile will
penetrdte and pass or tirough to a trapping pau of woven keviar (R).

“~

<. The Electrical System

Before aiscussing the components 1n detail, & few couwents are in
- orger. tlectric arc-inguced ignition anc continuing combustion of wire

[ insulation ure related to a number of funtamentals of electric circuitry
S ractors wiich are nct completely simulated in this laboratory-asscublea test
Eij systeu. Tnerefore, tne rollowing factors rmust be consiuered:

a) The initial voltage across a guillotine interruption yap of an
insulated wire is a function orf the generator voltuye, systenm inductance,
and initial load current. Tine operating condition of tThis system was
conservative in that the power conductors were not carrying load currents,

. So, therefore, the L9t of thg interruption across the gap, and to ground,
!ln was neyliyible. Thus, the teadency to ignite ana burn is less severe tnan
e would be expected if these wires were carrying their respective power loads.

ey b) The recovery vyltaye inducea rrom the generator is also less severe
Lo than that which would have been present if the voltayge regulator haa becn
RN flaintaining a higher internal voltage to account fur generdtor voltaye 4rop

Trom load current. These test conditions tena to understate tne combustible
character of tne aromatic polyimide insulation. i

¢) The time rtor whizn the arc-inuucing voltaye 1s impressea on the i
insulation is representative of actual service conditions since these

‘I. circuit breakers are the type used in Navy aircraft. Theretore, the |
- subtransient reactance-inuucea voltage in this test setup 1s similar tc that |
S o7 an on-board test, since the NC-8A generator is routinely useg te simulate !

the on-poara generators in grouna-check maintence of these aircrartt.

Further, the oy KVAa power rating of the Nu-ba is of sufricient capacity to !
insure rast tripping of the breakers. This feature niniwizes the time 3
during which voltage niust maintain the arc current To initiate conbustion. |

' 'i.; Y
' ,
o o

210,

da) Tne floating of a portion of the wires in the hdarness simulates a
situation in which soue conductors are not connectea to loads at the time ot
the projectile impact. Tuis, too, is conservative in couparisoin to service
conditions.

.
o

s
.‘l.' -

Sk The cunulative etfect of the above considerations is to pruauce a less
T sevaere stress environnent for the present tests than can be expected in the
T operational wiring harnesses installed in aircraft tnat are actually in

o service.

; ' Figure 2 indicates the schematic arrangements of the electrical system
AN which is shown in Figure 1.

;?l Electric power to the experimental assembly was provided by a Hobile
e Electric Power Plant, NC-8A. Tnis diesel engine powerea generator is the
N type used To previde auxiliary power auring ground maintenance of military
'S aircraft, rateu 115/200-volt, o-phase, 4UUHz, bu KVA, U,75 power factor. it
AN, is sitown 1n Tocation ot wRL i Figure 3, witu tie cable leading inte the
SN building where the Tiring range racility is locatea.
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o A terwinal strip was fastencd tc the free ends of the power wires of the
e NRL harness specimens for ease of cennection tc the power supply panel.

T A full view ot trne asscwbled harness ot HIL-W-81501/17 type wires ana csdlos
L and the power distribution panel/terminal strip is shown in Figure 1. In
a‘ the Tower trong can be seen the wires carrying the toree-pnése ana ground
oy circuit from tie exterial power suppl, QisConnect to a pewer junction

e STrip. (e set of wires frum tiis junctiun fewd into tre panel containing

twelve ac¢ breakers. This is an kssential wo. 2 Circuit vreaxer Panel ot an
F-l+ aircrart. Tie breakers, in series with each of tne 115 volt wires ot
tihe narness, are the military aircraft qualitied type, Klixon (KR) series
727« .1 (s). The ddentification nuibers that were stamped on the wires and
cables of the NRL specimen harnesses, the wire sizes, and tne ratings of the
circuit breakers connected to the powered wires are listed in Table !l for
the MIL-w-01381/11 type and in Table 11l for the MIL-w-2275Y9/54 type.

JuUst beyona the ac breaker panel can be seen tne dc¢ converter tnat is
powered trom the 3-phase, 115 volt, 40u Hz input, It is a lul-anmpere, 28
volts dc¢, class C unit, NS 5370-1 manutactured by wayner Flectric
Corporation. This is the unit that is usea in F-lg 2ir¢raft, [t provides
tne 2o-volt dc power 10 the dC Circuit breaker pancel located neat to 1 in
tie vicw shown in Figure 1. The narnass wires protected by tne fourteci
breaxkers in tnis panel are also identifiea in Tables il ane Il..

S. The Projectiles

In this experiment twe aifrerent types of projectiles were fired at the
harness specinens, The first one wes a .oU-caliber ball, Li-2 bullet,
weighing 152 grains.  The otner was a steel, .3U-caliper tragment siaulator,
weighing 44 grains. The powaer loauings were weiyht-adjusted to propel edch
at approxiigtely Tulu feet per second. Tne relative size and shepe of these
projectiles are siicwn in Figure <.

«. Ine Firing nanyge

!l‘ An gverview of the test firing ranye is shown in Figure 5. In the
s Toreground is tre rirle, with stock renoved, wountea rigidly on a neavy
S metal stand so it is in line with Tie taryget area. Remote firing from tnhe

¥

control room is achievea by a solenoia actuatea trigyer mechanism. The

’
o
»

lﬁl target area consists of two metal Trames tnat are mounted on a metal table
;-' about 10-feet down range. Tite first frame witn tne aluminum plate
b representing the aircrart skin is seen in this view, and a closeup or the
[ wiring harness mounted on the secona plate is shown in Figure 6, The targyet
;jg aread fron a side view was seen previously in Figure V.
~',;:-::
NS BACT nec)

° IMPACT ReSULTS
=

R unce the narness installation was completed the power supply was turned
“{: 0il ana each wire cunnection at the tersiinal strip wis checked wiln a
L voltileter ©O assure that tne harness was powered.  1Ne Video camerd was
N trained on tne taryet area and turnea on, The gun waes lcaded ana cockey,
P and the roon was vacatea and secured.
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1. MIL-w-51301/11 narness Tests

a) .30-taliver bullet

The first $10t wds conuucted with the su-calioer ball, firea at
tne MIL-W-01:01/11 type narness. The projectile severed wires in tne lower
pars ot the harness, and derortieuy The rewaining wires or toe bunale,  The
close-up view in Fiyure 7 siows the geflection proguced by tne inpdct, the
carbon deposited on the painted surface, and the hole in the plate where the
projectile passed through. A short circuit during the penetration caused
dreing that tripped one ac breaker,

In aircraft operations it is a standard procedure to reset the
tripped circuit breakers in hopes that power can de restored to the afrected
electrical components - especially if they are essential to the controls.
When the tripped breaker was reset, more darcing ana burning occured vhich
re-tripped this breaker and causea four more to trip. These were reset one
at a time, and each time there wds anotier arc which tripped it again. ‘when
tie tnird preaker was reset the arcing became nore violent, with flanes
engul finy tne bundle ana nure breakers tripping. The intensity of the fire
can be seen fron the views ut the burning narness shown in Figures ¥.a and
8.b. The fire and arcing continued to travel alony tne harness beyond the
Target area as shown in Figure o.C. ana wds successively tripping aguaitional {
breakers. It appecred that the flames would persist and imminently set fira |
to tire power supply pancl. Before this could happen tne main power switcn j
was openeu dnd the fire slowed aown,; however, it continued to burn in the
harness for another 15 seconds before it died out.

Figure 9 is a view of the power panel and taryet area arter power
was disconnecteu, showing the breakers that tripped during the arcing and |
flawming. In all tnere were 9 ac breakors and 12 ac breakers that tripped !
open as & raesult of this rtire propagation along tne narness,

|
1
<

v) .oU-Calider Tracment simulator

The second test in this experiment was conducted on another
harness of MIL-W-81381/11 type wire, of the saime construction as the first
one tested., In this one a .s0-caliber fragment simulator projectile was ;
fired. The projectile impacted near tre nidline or the harness and bruke f
vany wires, Arcing and flames began immrediately and traveled along tne
narness ror about 1Y seconas arter tne impact. Tnesequence of arcivy ana ‘
flaiming arouna the damayed section is clearly visible in the three
successive photos of Figures 1d.a, b ana ¢. The circuit breakers tnat
trippea dare shown in Figure 11, wnich is a view or the circuit bregker
pancis and tiw qamaged wire narness in tie bdackyround, Tnere were 3 ac
preakers and 5 gc¢ breakers thdtl trippea as & result of the inpact. They
were NOT reset ana the test was ended so that the camaged harness could be |
more closely exailinea in the laboratory. |

2. MIL=n-2¢799/u harness Tests #

The neat wire 2arness that wss Tested was the one made=Ug wWitn
MIL=4-22799/5% type wires and cables. AS was previously described, 1T was
constructed as nearly as possivle TO have tne sawe nuliver 07 wires ard
caples as used to make we iMlu=-u-81501/11 hdarnesses. Tne procedures tor the
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bullet ana tragment Tmpact tests were conducted in the same nanner as that
previously descriped.

a) .J3u-Calioer bullet
Tie projectile hiv the mialine or tne harness. At tay poiat ot
inpact shown in Figure 12 1t can ve cbserved that at ledst one wire was
scevered, DUt no caribun foruation can be secn alg no ¢ircuit draaners were
tripped.

b) .ou~Zgliber tragment sinulator

Tne same harness was then repositioned to place an undamayed
section ¢leser to the terminal strips into tne target arca for another
inpact test. This time the .20-caliber fragnent sinulator projectile was
used. Lpon impact, this projectile procuced much yreater damaje to the wire
hdarness and caused a bright arc ana a short circuit wni¢ch tripped one
Circuit dreaser. The duratien of the dr¢ was about w.l secony (three frunes
OT videotape). Figure 1J shows this arc iiwiediately rollowing the impact.
When reset, there was no arc did the breaker remained cloysed.

Figure 14 sncws the harness witn the adnaged wires, Even thouyh man, ofr
i wires in e HarnesSs were Dadly dawd ed vy the Tapact there were ho
TIawes Or ensuing Tire TQ TUurtiicr Canaye tne relainin. wires.

CONCLUSIUNS

As observed, ana illustratea Ly the photos, arcing rrom the shorg
Circuits was Just as intense for each type or wire. but, despite e
presence of the same  electrical eneryy the wires employing the aruvnati
pulyiaide insulation ignitea and burnedg; whereas tne wires emplyying
nodified etiylene tetratriuoroethylene pulytier dia not burn.

15
123
LA

From these experinents it 1s evident that 1t 15 tne characteristics o7
the insulating materials on the wires tested thet ceteriined T reactions
resulting from the initial short Circuits produced when tne wires were
crossed by the shearing torces of the impacting projectiles.

It was coserved that tne gromnatic polyimiae forms a charry, <arocnacecus
residue wnen exposec to the heat or the arcs ana tlanes. Tuis ¢hdr appedred
to oe electrically conductive so thdt as the fiawes propagated alony the
NArnesses more sNOrt ¢ircuiting occurred, ana the resulting arcs ¢r the
gdaitional shert ¢ircuits aaded more heet and comvustion to the fire as it
proyressed trom the Zone of inpact.  Lach short circuit tripped angtinr
circuit breawer, $0 tnat conceivably ali power circuits in @ harness coulaq
be lost froim one impact.

The siynificant difrerence between tie Two Raterials coupdred in this
experiient seens to be that the arviiatic poiyimide cardonizes when exposcy
TO The intense neat of an electrical arc; whereas tne moGitied ethylene
tetrarluorcetnylene polymer dces not wnen expused to tie identical short
duration arc of the inpact.
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Al thouen the precise proxinity ot potentially saorting conbinations of
wires and cables was uncertiain in the harnesses 4s construgted, the
ballistic iuipacts proauced a hijh probability of short circuiting. The
significant tact is that in each instance wiere shorting occurred the
NArnesses made with arviiatic polyimide instlatiun sufiered adaitional danaje
fron Combustion of the insulation; wiereas Nno SUDSEQUENT Tire ensued in
NArnessas wade witn toe woaitied eciylone tetratiuoroatiyiene insulation.

Aaditional tests are desireable to aocument the frequency ot shorting on
impact wnich has now been demonstrated tor the .17-caliber spnere,
.30-caliber fraguent sinulator and .oU-caliber ball projectiles.

Retinenents in experimental procedure which could aca to the circumstance
resulting from imjact are:

a) tlonitoring or the electrical phdase at the instant of guillotining.

L) beasuring the eneryy of tne electrical arcs.

L9}

Measuring the cireuit breaker tripping tines.

C:

Simulation of the etfects of electrical Toads on L¥Jiany recovery
volta e as atifected by the voltage regulator,

e) Precision arrangement or the wires and cables 1n eacoa harness in
order to vbtain nore precise corresponaetice of mecnanical adlage
to iduntical electrical circuits.

) Urientation of the narnesses to niaximize the tlue effect on the
burniny wires.

g) weteraining the wWinimun Tmpact conditions which will consistently
produce arcing in representative harnesses,

hevertneless, since the present narnesses were CCNstructed as being
representative of F-14 wiring as specified by F-14 maintenance enyineers and
they were Tmpacted with a variety or representative projectiles, the damage
and the reactions to the damaye are considered a valia combat vulnerability
assessukent of the wire insulations that were evaludted.
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. Tapble 1. Descriptions of the Wire Harnesses

o wire Functions Vol taue NUmber ot kires
'u Representative Specimer Hirnesses
ey F-14 Harness olacl/11 227535/54

o Power Tines 112V, 3-pnase 1L i2 12
snger-contrul co V, dc 1o 1= 14
Styndl wires

unsliieigea b volts 24U 1y
shieldea H volts U «Y

Gro
| &I -t

Cables (yrounaed shielas) 1 10 i

Ground leads 0 10 1V 1y N
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Tavie Il Wires and vables in narness of Type inli=-W-01361/11
SINGLE WIRES

Circuit Eeaxker Circuit Tracing
(amperes) Voltage Wire Size {u ~unber
5 115 phase 1 24 Asi §2-ul A4
5 2 24 ASN 92-92 A24
3 2 <4 ASt 92-83 A4
3 1 22 U414 B 22
0 2 22 ASN 92-12bb 22
e 5 3 22 APX $32B 22
e 5 ] 20 G 305 B 20
e 5 2 20 Q 30U F 20
A~ 7.5 3 2V Q 324 J 20
[\ 5 1 10 Ana 9 116 AlU
e 3 2 Tb A ¥ 135 Al6
C N 3 3 10 Awa 116 Alv
R 71/2 28 v 22 L993ALL2
NN 71/2 22 Uiu3A2Z
L 0 22 Aniad-201622
SN 71/2 2u ¢ ou3 { 2u
2L 7172 20 Q 924 M 2V
R 712 20 Q 302 B 2u
w2 7 1/2 2u AnG §-192 ¢ 20
Jan 71/2 2V uWCB75MR1-245H92007
“ 5 20 not leyible
RN 5 To ARC 159-231J 16
o 71/¢ 1o Awa & 98410
713/2 10 AWG Y 1214Al0
<} 16 AnG Y 1213A10
7 1/2 1o Awa 9 13885 16
No. of wires Size
floating: ) Zo
4 22
10 24
grounded: 0 22
3 24
1 20
(ABLES
10 NO. FWires Size
GUB75MKY-20Sh 05973 4 o)
aLu7omMRe~-20SH  UBST3 8 20
GCE75NR3-208 U973 3 2u
---------- b 29
---------- S 20
----------- 5 20
GLB7ER3-2US  WhY73 S 20
—mrmm e 2 2y
oo 2 2u
————m e 2 2u
9
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Tavle 11l
WIRES AND ChbLES InN HARNESS CF
TYPL Mlu-w=2275Y%/04
SIhGLe WIRES

vircuit breaker
{amperes) Voltage hire Size Wire iu Nuniper

115 Phase 1 20 il 22755/34-20 OclyU
20 [1]

20 "

ZU 1t

20 "

20 1]

20 n

Ll O W oo
o = LN = L) = 0N

2U n A
5 2v " '
S T+ i 22759/54-T0 LLLSU
B 14 !
2 T4 !
VL -
g . . . . -
- 1/2 26 22 22709/ 34-22 Uouyu
. . L/Z 1]
. 22 H
. 1/2 20 MZ2759/34-20 Qousy
' "

1/2 29
1/2 2u "
1/2 20 "
24 M2275%9/34-20 GbuYu
16 M22759/354-10 LouSsU
1/2 1o " |
i/Z lo " :
"6 t
1/2 1o "

NO SN0 U SIS SISO NG

al

-~ . r.r ¥ v
T L ]

Ls T
. I .
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”O:,Qf Wires Size

(x |
5 floating 20 20
}5 grounde« 10 26
¥
* CABLES
o 1D _ _ Fhires Size
N F27500-20 SB 2T2s Coudy 2 2
N ! 2 2u
L~ H) n YR
) ' U
. " 5 2
’2'“: - [
A " 2 2u
o b 27500-Tu S8 3TZ3 Ubuyy 3 1o
. : 3 To
‘w " -3
3 1o
! " 3 s
- " 3 Tv
- 10
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Fig. 7 — The initial damage to the M -W-81381/11 harness from the
impact of a .30-caliber bullct.
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' ' ‘ . ' B1602-14
a. fire ncar the imitial damage

Fig. 8 — The burning harness of PHE-W-E1381/11 wires which ignited when circuit breakers
S were reset after it was minally damaged by the impact of a . 30-caliber bullet,
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b. two seconds later, flames and arcimg are spreading
Fig. 8 (Cont’d) — The burning harness of MIL-W-81381/11 wire which ignited when circuit breakets

were reset after it was initially damaged by the impact of a . 30-caliber bullet
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- ¢. seventeen seconds Lcer, flames and arcing are propagating along the harness.
L.' . Fig. 8 (Cont’d) — The burning harness of dMIL-W-81381/11 wires which igmited when circuit breakers
- were resct after it was initiatly damaged by the impact of a 30-caliber bullet
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® a. inital arcing

S Fig 10 — Arcs and flames initiated by the impact of the fragment simulawor
:'.-f‘ on the harness of MIL-W-B1381/11 type wire,
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B1602-20 ‘
b. one second later |

Ty Fig. 10 (Cont’d) — Arcs and flames initiated by the impact of the fragment
simulator on the harness of MIL-W-81381/11 type wire.
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¢. three scconds laic
Fig. 10 (Cont'd) — Arcs and flames initiated by the impact of the fragment simulator
on the harness of MIL-W-81381/11 type wiie
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R1602-6
Fig. 13 — The arc produced by the impact of a 30-caliber fragment simulator
on a harnesy of MIL-W-22759/34 1ype wire.




81532(34

Fig. 14 — The harness of MIL-W-22759/34 type wire following the impact
of a .30-caliber fragment simulatnr
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